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AFOSR - 86-0333 (UM 01-5-28143) 20
Equipment Grant for Instrumentation
of Bridge Rehabilitation and Geotechnical ol
Explosives Testing o

o

A high speed, high resolution data acquisition, signal conditioning and 'h;
data storage system was purchased over the duration of this equipment grant.
It has been applied directly to two federally funded research projects, one N
involving analysis of prestressed composite steel beams for the strengthening ?
and rehabilitation of bridges, and one involving modelling of explosion R
induced craters in sand using the geotechnical centrifuge. Its selection, -
however, was based on its versatility for application to these as well as a -
host of as yet undetermined future laboratory situations. This report »
outlines these items in detail. ~
o
I. The System e

SR

-

The data acquisition system for this equipment grant was designed to be
versatile and to provide high speed data acquisition, signal conditioning, and

3
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storage. It was required to be capable of connection with strain gauges, <
pressure, displacement and passive transducers, temperature detectors, o
thermocouples, load cells and flow metres. It was also important that it be g‘
easy to move and to interface with existing and future research equipment in o
the engineering laboratory. ?
The system selected is manufactured by Optim Electronics. Other W
B auxiliary pieces of equipment in keeping with the objectives of the grant were -
A purchased from Hewlett-Packard, Sangamo, Sperry Corporation, and Druck Inc. A .
list of the specific items purchased and their sources is given below; the !
item numbers are consistent with those of the original proposal. o
Item No. [tem Quantity Source o
1 and 2 Main Data Acquisition, 7
Control, Storage Unit 2 Optim )
3 Analog Input Module 5 Optim w0
4 Analog Input Module 3 Optim »
5 Voltage Energization Module 1 Optim oy
6 Current Energization Module 8 Optim i
7 Channel Terminal Boxes 9 Optim -3
8 IBM-AT Host Computer System 3 Computer Emporium o
9 Graphics Plotter 2 Hewlett-Packard v
10 User Software 1 Optim
11 4-Channels Signal Conditioner 1 Sangamo ~
12 Displacement Transducers 4 Sangamo }:
13 Analog Accustor Electronic ~
Clinometer 6 Sperry Corp. !
14 HP Dual Output™ + 0-25 VDC 3
Power Supply 1 L.A. Benson »
15 Pressure Transducers 6 Druck Inc. Pt
16 Security Truck (Cabinet) 1 L.A. Benson "
17 Security Cables - University of Md. 5
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9,14

11,12

13

15

16

17

Item No.

Source

1 to 7, 10 OPTIM Electronics

Computer Emporium
Univ. of Md. IBM

Hewlett-Packard

Sangamo
Transducer

Sperry Corporation
Aerospace and
Marine Group

Druck Inc.

L.A. Benson Co.

University of Md.

A1l items have been received.

Name of
Contact

Roger Moore

Joan Kessner

Azita
Moghaddan

Robert
Anderson

Nicole

B. King

None

ol Sak Sk Vop Gug Sob Lol Gah by YR A

The following companies provided the equipment:

Address & Telephone No.

Middlebrook Tech Park
1240 Middlebrook Rd.

Germantown, MD 10784

(301) 428-7200

Computer Court Bldg. 339
Rm 1400, Univ. of Md.
Coilege Park, MD 20742
(301)454-5825

2 Choke Cherry Rd.
Rockviile, MD 20850
(301)362-762%

1875 Grand Island Blvd.
Grand Island, NY 74072
(716) 773-0090

Sensing System-MSDV-2
PO Box 21111
Phoenix, AZ 85036-11il
(800)545-3243

Miry Brook Road
Danbury, CT 06810
(203) 792-8981

PO Box 2137
Baltimore, MD 21203
(800) 492-0277

Dept. of Civil Engineering
University of Maryland
College Park, MD 20742
(301) 454-2438

Optim Electronics is continuing to
provide training and back-up assistance in operating the software.
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IT. Application
A. Bridge Rehabilitation -

The first application is to two projects funded by the National Science
Foundation. The projects address the question of how to strengthen and
rehabilitate girders of existing bridges by prestressing the existing
structural steel sections, an economicai, effective and fast way to ensure
efficient land transportation. The scope of the problem is evident when one
considers that over one-half of the approximately 600,000 highway bridges in
the United States are over 30 years old, and each year on average, 12,000 will
reach the end of their 50 year design life. The first phase of the project is
determining both the strength characteristics and the reliability of upgraded
and retrofitted composite steel girders, including examination of bonded and
unbonded tendons. The second phase is to assess the strength of those
composite steel girders under long term repeated loadings. Specifically, the
OPTIM data acquisition system 2200 was used to test eight prestressed
composite steel/concrete girders and five components of bridge decks with
welded steel mesh. It was selected because of its ability to scan often and
record data from many types of instrumentation, including strain gages LVDT's
clinometers and load cells. The role of the data acquisition system in this
research is to speed record information measured by the experimental
instrumentation, so that more information can be recorded than is presently
possible by virtue of its rapid scanning feature, and to store it in a form
which can be easily accessed for analysis. In the following section, a
description is aiven about the flexure test of bridge decks and sample
listings of transducer description, transducer calibration, experiment table
and measurements.

The lcading, placement of strain gages, deflection gages, and rotation
gage are shown in Figures 1 to 4. The specimen had four strain gages at the
top of the concrete to measure the extreme compressive force, four concrete
stirain gages impeded_inside the slab to measure the strain of the concrete at
the level of the steel, three strain gages placed in the top reinforcing steel
to measure the compressive strain in the compression steel, and four strain
gages on the bottom reinforcing steel to measure the tensile strain in the
tensile steel. The deflection was measured with two deflection gages (LVDT's)
at the centerline of the slabs, and the rotation was measured with an
electronic clinometer placed at the support. A typical test specimen
cross-sectional area is shown in Figure 1.

Because of the tremendous amount of data measurement needed, the OPTIM
optilog data acquisition system was used which is driven and controlled by
optilog opus 2000. The optilog has extensive measurement capabilitias which
enables it to obtain many scans of data from strain gages, LVDT's,
clinometers, and load cells in a significantly short time. For each loading
increment, all the instrumentation measurements were scanned at least 100
times and stored on the hard disk of an IBM AT. The average of these readings
produces one reading for the particular instrument. Appendix 1 gives further
information on the sensors, the experiments, the transducer calibration and
the measurements taken, in the form of output from the system.
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Figure 3 Reinforcing Steel Strain Gages
(a) Welded Steel Mesh Strain Gages
(b) Conventional Reinforcement Strain Gages
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"y B. Geotechnical -
"‘
"‘a
The second application is to a project funded by the Air Force Office of
W Scientific Research involving geotechnical centrifuge modelling of craters
I |'| : .
R, caused by large explosives in dry sand. It is clear in examining field data
)q' of dimensions of full scale craters that there exists enormous scatter, so
n large that reasonable predictions of crater size by either theory or
y . . € P . . .
o, interpolation of existing data has not been possible. Geotechnical centrifuge
modelling conducteq in high speed centrifuges at over 300g has proven itself
A recently to be an invaluable technique in studying such events in a controlled
\ . - . - 3
o~ and repeatable laboratory environment. Verification of the technique,
4 particularly of the absence of scaling effects, in the intermediate range of
[~ X : . : ; - -
L centrifugal accelerations more typically available in geotechnical centrifuges
N at universities had not been addressed. In AFOSR-86-0095, we are examining
just that with respect to acceleration and particle size effects between lg
. and 100g. The role of the data acquisition system in this research has been
" .
'u: to process data recovered after the test, since there have been to date no
04 commerically available high speed stress cells capable of measuring stress
;_ waves during the test explosion.
"y i

Figures 1 and 2, and Table 1 in the paper attached in Appendix 2
submitted to and accepted for the first international conference dedicated to
geotechnical centrifuge research are examples of how the system has been
applied for this first project. Table 1 lists model test data. Raw data were
taken from the models to achieve four complete cross-sections of each crater
produced by detonation of an explosive. The shapes of the full cross-sections
of a given crater were then averaged to achieve a single average half
cross-section, and the volume was calculated by means of cylindrical shells.
The data acquisition system was used in these simple but tedious calculations.

The system was then used to examine correlation between different model
parameters. Figure 1 relates two dimensionltess Buckingham w groups, one
reflecting explosive weight and model scale, and the other reflecting crater
voiume; the data fit was very satisfactory for an arbitrarily selected 80%

-~

< IR 40y " . 2 1
2 ;'?;'.-")"} “ ral 1‘"-' Pl ot

2N confidence interval. Figure 2 relates data of this research to data of models
N tested by two other authors, Schmidt and Holsapple; field data of craters from
:h four full scale events are also shown. Whereas the field data could be

dt directly plotted, Schmidt and Holsapple's data required manipulation to plot
wa on the same Figure. This manipulation was also conducted using the data

acquisition system.

o

ij We are also in the process of applying the system to a jointly funded

" Federal Highway Administration and Maryland State Highway Administration

' j project involving centrifugal modelling of the behaviour of geotextile

"y reinforced clay walls, and to a second project to examine changes in flgou

- regime in high speed seepage through granular soils in a permeameter on the
o0 centrifuge. In the case of the jointly funded highway project, the

:f measurement taken will be displacements read by linear voltage displacement
™ transducers. The data will be collected and stored by the system for later
.:? manipulation. In the case of the seepage project, temperature and water
g pressures will be measured with transducers in flight, to examine effects of

acceleration on soil permeability; again the system will be used to collect

W, and store data from the model during the test for manipulation after a series
' of tests.
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Sensor 1D “JGATANGLExR Scaie (1-&) : 4 :'::
0 Mode (1-7) ;T )

Sensor Description: ANGLE MEASUREMENT ::';

3 Engineering Units (tag) : DEGREES ;,
N

3

b

Calibratirng Formula Values - (e.g., &.25 mV - 0,237 q) S

80,0 mvolts / 1.007 Units &

o3

-.

y Data Conversion Coefficients — Date: 10-14-8& Calibration Flag : T =
]

4 - L) g )

Values: +0000000000 x +0000000000 1z +0000000000 2 +5.5944E-04 » +0000000CO0

Range :+17.90208 /-~17,%90208 Resolution :+5.5944E-04
F7=Special Keys F9=HELFP F8=EXIT (Abort) Fé=Calculate F10=END (accept)
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o OFTIM USERS® ES0FTWARE TRANSDUCER LIEBRARY SENSCOR ENTRY
Ny
A\
Sensor ID : GA LVDT SN98 Scale (1-&) s &
N Mode (1-7) : 1
:# Sensor Decscription: LVDT SN2 NO. X
' L]
: Engineering Units (tag) : MM
AN
™
o Calibrating Formula Values - (e.g., 6.25 mV -> 0.937 g)
g
v 46.45 mVolts / 1 Units
_‘& Data Conversion Coefficients - Date: 07-03-87 Calibration Flac : T
Values: +0000000000 x +0000000000 x +0000000000 % +7.17&1E-03 x +0000000000
I
o Range :+229.46352 /-229.6352 Resolution :+.0071761
Ca
[
ﬁ: F7=Speciai Keys F9=HELFP FE=EXIT (Abort) Fé&=Calculate F10=END (accept:
’
‘
[ Y
»
=
o OFTIM USERS™ SOFTWARE TRANSDUCER LIEBRARY SENSOR ENTRY
W Sensor ID : GA LVDT SNOO - Scale (1-&) : &
- Mode (1-7) : 1
[ Sensor Description: LVYDT SNOO NO.4
P
> Engineering Units (tag) : MM
S
J_N
A .
? Calibrating Formula Values - (e.g., 6.25 mV - 0.937 g)
A 46. 45 mVolts # & Units
134y
.5; Data Converszion Coefficients - Date: O7-03I-87 Calibration Flag = T
W7
o, 4 = z
". Values: +O0000000000 v +0000000000 1 +0000000000 31 +7 1 7L£1E-02 3 +0000000000
-E Fanqe :+3Z322.£252 /-209,8T052 Resolution :+.007174&1
|':" F7=S8Special teves F=HELF FE=EXIT (Aboart) F&=Calculate F10O=END (zzccit)?
™
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) Sensor ID : GARLEOADR200K <— | Scale (1-&) : “':
k Mode (1-7) : 1 e
: Sensar Description: LOAD CELL 200 KIFS l
']
Engineering Units (tag) : LES :
e,
o)
h%
Calibrating Formula Values - (e.g., &.25 mV -» 0.9237 g)
q .000114 mVolts / 1 Units ey
“~ 0
Data Conversion Coefficients — Date: 12-11-84 Calibration Flag : T :,‘
4 3 2 ;}.
Values: +0000000000 % +0000000000 x +0000000000 xx +8.77193 ¥ =14400,000 :
h
{
Range :+266301.8 /-295101.8 Resolution :+48.771484 . - O]
: | )
F7=Special Keys F9=HELP F8=EXIT (Abort) Fé&=Calculate F10=END (acceot) i %'
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N OFTIM USERS® SOFTWARE TRANSDUCER LIEBRARY SENSDR ENTRY
.".‘
.
W Sensaor ID :$SG120-CONC., . Ecale (1-&) : 1
AN | ——
o ' Mode (1-7) : 3
Sensor Description: STRAIN GAUGE 1200HMS Exxcitation Type (A) : A
“a Excitation Value (mA) : 13.04
" Engineering Units (tag) : MICROSTRAIN
L
AE Calibrating Formula Values - (e.g.., 1 arm, 120 ohms, +0.02 %, GF=1.80)
L
Number of Active Bridge Arms : 1 Gage Resistance (ohms) : 120
2\ x>
;Q Transverse Sensitivity (%) : 1 Gage Factor : 2.06
0
o
)
Q: Data Conversion Coefficients — Date: 06—-146-87 Calibration Flag : T
- 4 T 2
:3 Values: +0000000000 x +0000000000 3 +0000Q00000 % -.31428%3 ¥ +0000000000
W
R
i Range :+10037.2& /-10057.26 Resolution :+.31428%93
‘_»
g F7=Special Keyes FI=HELF F8=EXIT (Abort) Fé&=Calculate FIQO=END (accept)
N
R-' OFTIM USERS® SOFTWARES TRANSDUCER LIBRARY SENSOR ENTRY
h
Sensor ID : ‘SGIZDESIEEL: Scale (1-&) : 1

; —_—— Mode (1-7) : =
g Sensor Description: STRAIN GAUGE 1200HMS Excitation Type (A) T A

: Excitation Value (mA) : 132.04
0: Engineering Units (tag) : MICROSTRAIN
)

y Calibrating Formula Values - (e.g., 1 arm, 120 ohms, +0.02 ¥, GF=1.80) ?
-,
3. Number of Active Bridge Arms : 1 Gage Resistance (ochms) : 120 )

- [
".
o Transverse Sensitivity (%) : 1 Gage Factor : 2.04 :
b .
5 1
f Data Converzion Coefficiente - Date: 0Q&-1&-87 Czlibration Flag : T !
. .
S, 4 = -

N YValuecs: 40000000000 3 +0000000006) 3 +0000000000 & — 2173705 s+ QOO0OOQO0ON0

X -
. i
- Fange :+10155.84 /-10159.85 FResclution :+.T173705

\.
:' Chect Fange % Rezcluation FS=Resume Editing Flo=Accept.Toc Menu
,} 0FTIM  UZERST SOFTWARE TREAMEDUCER  LIBRARY SENEOR  [NTRY

%
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OFTIM USERS® SOFTWARE TRANSDUCER LIBRARY SENSOR ENTRY

: BENSEERIDTYISG1 20 CONGERY™ Scale (1-6) : 1
: Mode (1-7) : = 5
Sensor Description: STRAIN GAUGE 1200HMS fFxcitation Type (A) : A 4
Excitation Value (mA) : 17.04 L

Engineering Unite (tag) : MICROSTRAIN

ibrating Formula Values - (e.g@., 1 arm, 120 ohms, +0Q.0x W, GF=1.801

Number of Active Bridge Arms : 1 GCage Resistance (ohms) : 120

Transverse Sensitivity (%) : Gage Factor : 2.13

Data Conversion Coefficients — Date: 06-17-87 Calibration Flag : T

4 = 2
values: +0000000000 % +0000000000 x +0000000000 x —-.3039605 x +0000000000

Range :+9726.736 /-9726.736 Resolution :+.J03260%

F7=Special Keys F9=HELF F8=EXIT {Abort) F§=Ca1cu1ate F10=END (accept)

OFTIM USERS® SOFTWARE EXPERIMENT TAELE DATA ENTRIES -

Codes: »
‘ Experiment Date : 06-16-87 O=immediate .
. 8 > i=console ¢
Fxperiment Descr : FLEXURE-1 WSM Z=at HHMM X
TEnow+HHMM :

Run Description = TEST 4=on limits

S=rel.limit
Farametercs:

Start Code : 1 Stop Code : 1 OHHMM
- Qoccc

tart Farameter : Stop Farameter : :'
Fre—trigger Count : O Limit Counter 1 : Limit Counter 2 : :}

! Repeat Code (0-65535) : 200 :f
3 Scan Interval in Seconds (O=continuous scanning) : O ;;
LY

. High or Low Speed Data Storage (L=immediatejH=when buffer full) : H ;
~

mn
13
21T

Data File Suffaiyx : D12 Mumber of Channel Entries 19 ¢ Fgeudo Sensor

F7=Special teys FI=HELF F8=Abort FiO=hAccept.Continue -~

0
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k: : #EELegs wFLEX=t

Qq Entr+v Chan. Sensor 1D Description %alance Linmats Dicsplay
:& Numb. Numb. Code,.Fattern High., Low

D'o

0

' 1 Q SG120-STEEL TOF STEEL 1 2 +Q&T22 Z000 =Z000 Y
" el 1 SG120-8STEEL TOF STEEL 2 2 +Q&707 ZOOO0 -TO00 v
ﬂq s 2 S6120-STEEL TOF STELL = 2 +QIS96 Z000 -Z000 Y
? 4 ot SG120-CSTEEL EROTTOM STEEL 1 2 +0956Z 000 2000 Y
ﬂk S q EGIZ0-STEEL EQTTOM STEEL 2 = +11170 ZO00 —T000 Y
ﬁﬁ & S SC120-CONC TO® CONCRETE = - +1087& 000 TOO0 Y
st 7 & E6120-CONC TOF CONCRETE = b +099S81 =Z000 Y
. e 7 S6120-CONC TOF CONCRETE 4 2 +313T78 : -Z000 VY
o Q e EG120-CONC-E BOTTOM CONCRETE 1.. 2 +08T45 T000 =000 Vv
gﬁ; 10 e SG120-CONC-E BOTTOM CONCRETE 2 2 +08137 T000 =000 VY
P 11 10 S6120-CONC-E BOTTOM CONCRETE = be) +QE52 2000 =000 Y
Koo 12 11 SG120-CONC-E EBOTTOM CONCRETE 4 2 +046144 2000 -3000 Y
?2‘ 13 12 SGI120-STEEL EBOTTOM STEEL = 2 —00001 2000 =Z000 Y

14 13 SG120-STEEL EBCTYTOM STEEL 4 2 -00001 Z000 -Z00G Y N

et 195 i4 SG120-~-CONC TOF CONCRETE 1 2 +05221 000 =T000 Y
“;

uﬁ Fé=Save Table (i.e., don’t change the rest)
ﬁ$ Fo=Insert Line F4=Delete Line F7=Special Keys F9=HELF FB=Aborit Fi10=Accept.Cont
0
) .
Y i OFTIM USERE®™ SOFTWARE EXPERIMENT TABLE CHANNEL ENTRIES
. File : FLEX-1
.
A Ertry Chan. Sensor ID Pescription Ealance timits Dicsciay
‘Q Numb. Numb. Coda,Fattern High, Low
N
g; ié 1S G& LCAD 20017 LOAD CELL - LBS 2 +02017 TOO0U O Y
(5. 7 0 GA LVDT SN?1 DEFLECTION 1 - MM - +T28644 g O Y
b 18 2 A LYDT SNO2 DCFLECTION 2 - MM by +I27&2 e 2 Y
". 19 z4 GA ANGLE ANGLE - DEGREES 2 -20%e7 .S O Y
L 20 '

ay o1
', o2

. 2: .

-~ S

:;{ 26
A =7
) ze

R e
\. =0
P

lq Emnd cf Imput Data F10=Screen Full,add More Crannmels +o Tnd

) Fli=Inzert L:re Fi=Delete Line F7=Special bave FOsHELE Fosabort FezSANVE., Ta omu
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12-02-87 09:24:36
OPTIM USERS' SOFTWARE EXPERIMENT
Experiment Date 09-25-87 File : TEST.EOQO!

Experiment Descr
Run Description

y CMOS Table Entry :

Use Auto-Balancing Values :

Start Code : S
\ Start Parameter :
! Pre-trigger Count :

Auto Tape Mark : Y

Scan Entry to be Monitored thru A : B

Repeat Code (0-6553S) :

OPUS Scan Interval
MEGADARC Clock Type : O
Clock Mode :

Cata File Suffix : DO1

N R A R A R GO A S RIS SN

0

Y

Stcn Code : S

Starting Time
Starting Date
Ending Time

TABLE

DATA EN

Number of Scans @

12
09
12:0

TRIES
-1
:08:42

-25-87
B8:59

Ending Date : 09-25-87

Stop Parameter :
Limit Counter 1 :

o

1
+

Scan Mode

(O=internal;l=external)
(O=samp/sec;l=sec/samp)

.
-

-

Number of Channel Entries 4

##%END %%

2C

Override with Cons

Limit Counter @2

(O=intervaljs

in Seconds (0O=continuous scanning)

C :

0

Clock Rate :

LI A IR I

SN

& Pseudo Sensors c

o W W AW

ole : #N

1=burst)

100

Lol
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OPTIM USERS' SOFTWARE EXPERIMENT TABLE CHANNEL ENTRIES
File : TEST.EOQ1L
Entry Chan. Sensor ID Description Balance Limits Dicspla
Numb. Numb. Code,Pattern High, Low
1 048 SG350-TEST 2 +0139¢4 Y oo
2 064 LCSOK 2 -00994 Y
3 065 LC100K 2 -00525 Y
& 066 GALVDT-SN9I8 e +0040¢2 Y
S “TIME-REL MINUTES (o] +00000 Y
) =ES%*60 SECONDS 0 +00000 Y
-
8 p—
9
10
11
ie
13 ¢ w*h
14 :
19 P’
r
o~ +
¢
*l
f
*HEND *# !
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OFTIM
1.

USERE”

Set STEF to 1: set

(MEGADAC will balance and give average of

2. Set STEF to Z2:

; set
| channeil
}

029 to the

(MEGADAC will qive

z. Set STEF +o I; set
channel 022 teo the
(MEGADAC will give

4., Set ETEF to 4; cet
channel 029 to the

(MEGADAC will qive
o. Set STEF to S;

W W W By LTS S " U e T T %)
OO Dl SN O O et A
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SOFTWARE
If NO autobalance is

o B

CALIEBRARTE TRANSDULCER
desired., go directly to Step 2.
transducer on channel (0292 to value Q: press F10.

10 readings.)

Actual VYalue to correct value: set transducer on
selected value: press F10.

average of 10 readings.)

Actual Value to correct value: eset transcucer on
selected value: press FI1Q.

average of 10 readings % compute new
Actual Yalue to correct value: set
selected value; prese F10.

average of 10 readinas % compute percentage of errcor.)

coefficientes.)
trransducer on

press F10 to accept new coefficients.

WARNING: the new mX + b will replace ali S of the previous coefficients.
Note: at any time you can abort (keep previous valuee) or start over with Step
Step 1 Step 2 Step = Step 4 o -
ESTEF: S Fercentage of Error: 2% Lo
Actual VYalues: 0 -12.7 -25.4 -50.8
Measured Values: 0. 0000E+00 ~.2440E+04 -.4881E+04 -.2878E+04
X~4 X~z X~2 X
previous: +0000000000 +0000000000 +0000000Q00 +7,17&1E-0T  +0000000000
new +Q +0 +Q +5.2038E-0T -Z2.0812E-QTZ !
new rangez % resolution: +15£.111¢ S =1S&.118&1 +5.2038E-02 >
Fe=Abort FlO=Accept .
W
i »
.
DFTIM USERES® SOFTWARE CALIRRATE TRANSDUCER b ioee ¥
1. I+ NO autobalance is decsired. go directly tc Step Z. !
Set ETEF to 1; set transducer on chanmel (029 4o wvalue (¢; press F1Q. - {{
{MEGADAC will balance and give average of 10 readings.) C s g
2. Set €TEF to 2; set Actual VYalue to correct value; set transducer on {?
channel 0292 to the selected value; press F10. o
(MEGADAC will g@ive average of 10 readings.) -
z. Set STEF to Z: zet Actual Value to correct value: set trancecucer on !
channel 0292 to the selected value: press F10. N
(MEGADAC will give average of 10 readinge % compute new coefficients.) &\
4. Set STEF to 4:; set Actual Value to correct value:; set transducer en Oy
channel 029 to the selected value; press F10. X
(MEGADAC will give average of 10 readings & compute percentage cf errcr.) -~ ';‘
S. Set STEF to S: press F10 to accept new coefficiente. i
WARNIMNG: the new mX + b will replace all S of the previous coefficierntx=. T
Note: at any time you can abort (Leep previous wvaluese) or start over with Steo xj
Step 1 Step T Ztep T Step 4 ::
STEF: O Cercentage of Error: 0.8 % 7
Aotual Values: o -7 ——=T. a4 —s0. 8 N
Measured ‘zluesz: OLEIZ0E+0T -.17228+04 ~.,41L1E+079 —.E2F2C+04 e
X4 ? 1oz L
previouz: +00COa00GI00 +000000a000 000000000 +S  TIS1E-0T - T.2I02488 S
rew RS + O 10 +T 740 E-DT -T.191e T .
now ranges f orezolulior: PO B O A S T +S.Tantg- T
Fo=Atort Fio=accect
~
23
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F
‘\
N
r,*
*#% Sample Number 2 #%# : h
1 048 SG3S0-TEST MICROSTRAIN 0 . &

2 064 LCSOK lbs o)

3 065 LC100K 1bs 0 G,
4 066 GALVDT-SNS8 MM 0 -
5 %TIME-REL MINUTES —— 0 N
& =ES#*60 SECONDS kKR o) a
.

“~

L - .

R
[
Iy

’

*## Sample Number 19 d*## ’:
< 1 o48 SG350-TEST MICROSTRAIN o) ol
2 064 LCSOK lbs o) »
3 065  LC100K ) lbs 0 w
4 066  GALVDT-SN98 MM 0 ~
5 %TIME-REL MINUTES PP 0 »ﬁ!
() =ES*6C SECONDS XN NR 0 E =
- Y
A

OPTIM USERS' SOFTWARE LISTING OF MEASURED RESULTS ;@

w

K

DIRECTORY OF .Enn and .Dnn FILES o
________________________________________________________________________ *
F_\

CDR1COO.ED1 . CDR100OC.EDF ]
TEST.EO1 ) UM.EO1 ;ig
FLEX-1.E01 TEST.EO2 B
2N

OPUSMODE . DEF XMITSPC.DEF N
FLEX-1.Do1 TEST.DO1! "o
v 3

]
"3
o)

o)

N
o

P..

™

-

- '::\-

J'-

2

Sh1ft/PrtSc=Print F10=Continue _..

M
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Centrifuge liodelling of Explosion Incduced Craters

Carlos !. Serrano
Richard D, Dick
Deborah J. Goodings
Yilliam L. Fourney

University of Maryland, College Park MD 20742 USA

ABSTRACT: Thirty—-three lgm cylindrical charges of PETN with lead azide as an initiator
were half-buried in dry sand and detonated on the centrifuge agoaggslerations varying

between lg and 100g.

The volumes of the craters varied as g
extrapolated prototype volumes and prototype charge weights,

or in terms of
as HO°850. This latter

relationship is in very good agreement with research by Schmidt and Holsapple (1980) who

worked predominantly at accelerations greater than 300g.
prototype craters predicted by the two works differ, however;
may be due to differences in soil unit weight and charge geometry.

Absolute magnitudes of
1t is speculated that this
Neither work {is

successful in predicting the volumes of four selected field craters, although they arc
considered to be close enough to confirm in general the validity of the technlique.

1 INTRODUCTION

Many parameters describing coils and
explosives affect the size of an explosion
induced crater of which charge weight ,W,
is one of the most easily varied.
Analysis of the effect of changes i{n W has
been undertaken by several authors. This
has 1included, for example, an evaluation
by Chabat (1965) of theoretical work, an
analysis of field data by Rooke et al.
(1974) and a comparisoa of theory to a
statistical analysis of field data by
Dillon (1972). They proposed that the
volume of the apparent crater (that which
is defined by the hole left in the ground
caused by the detonation of the explosive,
rather than the limits of plastic
deformation ofnthe underlylng soll) is a
function of W where n 1s an exponent
predicted to lie between (.75 and 1.00.
The fact that a value for n has not been

fixed within a smaller range {s, {n part,
a product of enormous scatter in field
data. Such data has of ten  been
characterized by eflther {ncorrect records
or missing gpeotechnical datn, Further,

attempts have been made to compare the
craters from quite different explosives
with fundamental and unquantified

differences in
produced 1in

character, or
quite different

the craters
peotechnical

o, T e
-

27

conditiouns. This unsatisfactory
definttion of a value for n led to the use
of physical models. The most successful
technique which best satisfies the
requirements for similarity has involved
the use of the geotechnical centrifuge.
The best systematic and readily
available set of data for the simple case
of craters produced on the centrifuge by
half-buried charges in dry sand has been
reported by Schmidt and Holsapple (1980)
who worked at low accelerations (10g) and
high {(306g, 45lg and 463g). They also
incorporated into their work results from
nine laboratory tests at lg by Plekutowskt
(1974). They were satisfied with thelr
tests from the two points of view of
repeatabtlity and modelling of a single
hypothetical crater at different scales.
ilost gectechnical centrifuges, however,
are operated at accelerations much lowver

than 306g but still higher than 10g. The
pucrpose of this rescarch, then, was to
examine two questions: whether the trends
in modelling crater development observed
by Plekutowsky at lp, and by Schntdt and
Holsapple at 17¢ and above 300p are also
observed at accelerations of 100g and
below; and whether fleld data confirms the
correctness of extrapolation from models
to full scale cxplosions {n this range ol

scales.
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that the data line of this research
consistently overestimates crater size, as
does Schmidt and Holsapple's data line (n
three out of four cases, although to a
lesser degrce. Fallure of the centrifuge
models to predict more closely the sizes
of the prototype craters may be attributed
to a combination of unquantifiable
differences in the explosives used,
unidentified differences {n the soils, and
other unexplained reasons responsible for
the fleld scatter, some of which are
considered below. But in the absence cf
more care in fleld control and
documentation to narrow the scatter of
full scale data, the closeness of the
research data lines to the fileld data
points in Flgure 2 {is considered to be a
general confirmation of the modelling
technique.

Figure 2 also highlights the fact that
Schmidt and Holsapple's data line is not
coincident with the data line from this
research, even when the same soil and
explosive were used. It is speculated
that this may be a result of small
differences 1in soill unit wei{ght: thelr
values of Y, were on average 5% greater
than for this research. This was not a
parameter conclusively assessed
quanticatively for Lts influence on crater
size by efther study, but (% 1{s knoun
qualitatively from other tests by Serrano
that explosives detonated !{n a2 loosely
packed soil will produce craters larger
than those in the same soil more densely
packed. Unrecorded differences {n soil
vanit welights for the field tests may
account in part for the fact that they lie
below the two research data lines. The
difference may also be a function of
charge geometry.

Although the centres of gravity of all
the charges were at the scil surface, {t
seems reasonable to assume that the half
of the charge below the soll surface will
have a greater influence on the
development of a crater than the half
above the sotl surface. The geometry of 2
horizontal cylindrical chacge with an
aspect ratlo of one s such that the
centre of gravity of the burted half s
slightly deeper than the centre of gravity

of the buried half of a sphere. [t is
known that for depths less than the
optimum depth ot burtal the crater size
Increases with depth. [t ts possitle to
speculate, then, that this difference in
fuometry has the effect that the
halt-burcled cylindrtical charcpe will
produce a larpec crater than Schmidt and

Holsapple's bhalf-burted
although this

sphectcal charge,
alunc (s not consi{dered

CNESLNGEA

sufficient to exglain the difference (n
crater volumes seen on Flgure 2. This
geometry effect would be exaggerated by
¢itferences in charge densfty. Certainly
thhis effect is not considered in fleld
tests and may explalan sowme field data
scatter.

4 CUNCLUSIONS

The relationship between prototype ueights
of explosives and prototype crater volumes
for half-burted charges {n sand developed
by Schmidt and Holsapple from centrifuge
tests at accelerations predominantly

greater than 300 g was confirmed by
thirty-three models tested at less chan
100g for this tesearch; while the
relationships fell in the midst of those
developed both theoretically, and
empirically ‘from field data of widely

varying explosive and field cond{tions,
they did not agree with any. Comparison
of test results to data of crater sizes
from a small set of fleld tests selected
because field conditions and sizes of
explosives seemed close ro those modelled,

showed that thils rcsearch overpredicted
field <crater size, snd Schmidt and
Holsapple's tended 2lso to do the sanme,

although to a lesser degree. This s
attributed to unquantified di{fferences in
field conditions. The closeness of the
pcints to the research data 1lines {s
interpretted as a general confirmation of
the wvalidity of the technique. The
discrepancy between actual crater sizes
predicted by Schmtdt and Holsapple
compared to those of this reseacrch 1s
attributed to effects arising from
differences in sand densities and charge
geometries.
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, | - ! : R are: N
4 v X
1€-10 - (0.288+0.003)
' /A/E wp = (1.34140.137) w, = (6) )
€-17 yd .
ﬁ e A and
: .257+0.004
v 1 1E-18} 4 n“ = (0'086t0'017) nw(o 25 :O 0 ) (7)
L]
' t 19 €0.050. crm> In terms of relating these » relationships
Ty =(0.46240.133> 1y to the experiments, where all parameters
are constant but g, they can be
1g-20f manipulated to relate apparent model
5 é crater dimensions to acceleraticn as:
J
IE'%E‘ZI IE-20 | 1Ee-2 1E-2t (E-20 1E-19 IE-I:G-!! v a g'0-450:0.015 (8)
W
-0. +0,
Figure 1 - T, Vs Ty R ag 0.136+0.009 9)
-0.229+0.012
analyze the results included: Hag - (10)
T, = V(g/Q )3 (1) or in extrapolating to full scale tests
v e where g is cpanstant but explosive weight,
T = Rg/Q (2) W, 1s varied:
e
0.850+0.005
T, = He/Q 3) Vady - (11)
0.288+0.003
m, = W/8)(gha )’ @) R a0k (12)
+0.257+0.004
where V 1s apparent crater volume, R 1is and Haw - (13)

appareat - crater radius, H {s apparent
crater depth measuring from the elevation
of the original sotl surface to the
maximum dJepth of the crater, g |1Is
gravitational acceleration at the time of
detonation, Qé 1s specific enzrgy (6.75 x
107" ergs/gm for this explosive), § is
charge dengity (varying between 1.46 and
1.56 gm/em” in twenty-etght tests, J].39
gm/cm” ian four tests, and 1.65 gm/cm™ 1in
one test) aand W is charge weight. These
are rearrangements of mw groups developed
by Schmidt and Holsapple. Since the
effects of nefther soil nor explosive
properties on crater formation were
specifically examined, by using the same
soll and explosive {n all cases, any
7 groups involving characteristics of the
sofl or the explosive exclusively are not
fancluded 1in cthis presentation although
Serrano does give attention to them.
Because the characteristics of the

-
chacge are reflected {n the T  group, W , n ::
7, and 7w were analyzed as functions of VoW (14) -
7., Flgure | shows a logarithmic plot of .
tHe data of u_ and 7. The best least but there (s sianiflcant diverpence on v
squares fit hé%ueen (xe two 1 proups (s what the value ot thai evponentl o should f
shown on that flgure as: Le. '

Chabat (19693) cited theoretical work of

T, = (().463:0.133) ”w(O.SSUi{).OOS) (5 Sachs (1944) andg Lampson (19406) both ot
' whom concluded wtth values of n=1.2, and
for an arbltraclly selected 80%Z confidence Haskell (1995) who concluded with a valu.
{intecval. Similac filts for 7, and 7, are of n=0.7%; but Chabal then dismissed these
not plotted here but the relationshtps values as beinp unsound from the two

If craters are assumed to Dbe
approximately parabolic with a constant
shape, then the sum of twice the radius
exponent plus the height exponent for W in
equations 12 and 13 should equal the
exponent for W {n equatiom 1ll. This
expectation is satisfied well  There:
2(0.288) + 0.257 = 0.833 which Is less
than 0.850 by 2%.

3.2 Comparison with Other Analyses

Although the radius and the depth of a
crater are important measures of cratering
efficlency, let us focus on crater vclume
alone for comparison to the findings of
other researchers. The consensus of
researchers, also confirmed here, is that
crater volume 1{s exponentially dependent
on charge welght, in the form of:
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2  METHOD

Forty-two models were prepared for the
rcsearch. The sand used to form the bed
for the explosive and the cratering medium
was a dry, uniformly graded, Flintshot 2.8
Sawing-Trap quartz Ottawa saand with D =
0.6 mm and C = 1.31, the same as ERat
used In six of  Schmidt and Holsapple's ten

tests. The sand was rained into a 475 mm
diameter 400 mm deep aluminum test
container from a hefght of 0.70 m_te

achieve a unit wefight of 16.72 kN/m3 +

0.03, or a votd ratio of 0.555 + 0.0037
In thirty-two models, the completed depth
of the sand bed was 254 mm. 1In ten models
sand bed depth effects were examined,
varying the depth from 360 mm to 102 mm.

The explosive used was lgm of PETN
(Pentaerythritol-tetranitrate) selected
based on the experience of Schmidt and
Holsapple. It was cked at an average
density of 1.5 gm/cm™ {into a cylindrical
form with diameter of 9.6 mm and height
varying from 8.9 mm to 10.0 mm to give an
aspect ratio as close as possible to 1.0.
Lead azide was used as the initiator
because it 1is much less stable than PETN,
although 1its specific energy is less. The
combined energy releazed by the two
together is calculated to be the
equivalent of 1.005 gm of PETN or 1.397 gm
of TNT. The finished charge was pressed
{nto the sand bed to a half-pburtied
positicn with the longftudinal axis of the
cylinder placed horizontally.

Models were accelerated-on the 200g
3G,000g-1b Gentsco centrifuge to the
desired acceleration, the explosion was
detonated, and the centrifuge was slowed
after the video camera picture of the
mcdel {ndicated the dust had settled and
the gases had dispersed. The dimensions
of the crater were recorded measuring
across four complete diameters using a
simple prof{lometer which measures
vertical distance to the soll surface from
the hori{zontal datum defined by the top of
the centrifuge model test contatiner.
These efght radil were used to calculate
an averapge hall crater profile from which

crater volume was 1n turn calculated by
means of cvliindcical shells. Contour maps
could also he produced from the
profilometar data.

Nf the forty-two models tested, the
results of five were dlscarded due to
kKnown experimentiai ecrnc, and four were
dlscacded hecause of small but detectable
soundarcy effects (o models with sand bheds
less than 173 mm. The coelflicient of

variation at
the rematning

any slople acceleratton foc

thirty-three tested was no

R

Table 1. Model Test Data.

Gravity Test Sandbed Crater Crater Crater

No. Thick- Volume Radius Depth
ness
V.3 R D
(gl lemj fem”] [em]  {em]
11 30.48 1,136.0 13.49 4.3
1 12 25.40 1,392.0 14.24 5.5
31 25.40 1,038.6 14.02 4.5
10 29 25.40 347.7 9.13 2.4
30 25.40 287.2 9.07 2.4
10 25.40 307.7 8.86 2.6
20 23 25.40 275.8 8.90 2.3
38 25.40 273.8 8.90 2.3 :
39 25.40 253.8 8.13 2.3
16 25.40 237.1 8.43 2.3 by
18 25.40 220.7 8.53 2.3 :
35 24 25.40 238.0 7.93 2.3 "
46 25.40 231.9 8.27 2.3 ]
47 25.40 216.2 8.00 2.2 &
17 25.40 208.3 7.87 .2 R
50 19 25.40 187.0 7.83 1.9 -
25 25.40  169.4  7.63 1.8 N
13 25.40 161.8 7.25 1.8 R,
15 25.40 138.7 7.44 1.8 W
20 25.40 189.8 7.80 1.9 '
65 26 25.40 186.0 7.74 2.0 I~
42 30.48 173.3 7.63 1.9 -
43 30.48 143.7 7.94 1.7 -
44 17.78  187.6  7.81 1.8 oA
21 25.40 161.0 7.88 1.7 7
80 27 25.40 158.7 7.56 1.7 -
28 25.40 141.4  7.55 1.6 !
22 25.40 147.6 7.46 1.7 e
90 32 25.40 137.1 7.38 1.7 -
34 25.40  145.8  7.40 1.7 -
14 25.40 142.6 7.29 1.7 <.
100 35 25.40 144.0  7.16 1.6 o2
45 17.78 146.2 7.48 1.5 )
more than 15%Z, which 1s corsidered to be :
quite Aacceptable. The data of the e
temaining models {s given in Table 1. -
!
3 DIscUssLoN oY
J.l Internal Trendas ;-
OQvesen (1979) empnast-ad (he use of the :{
Buckingham " dtrenstonai analysis in '
geotechnical modeilitne, and Sconmidt and "
Holsappie, too, have heen strony advocates i¢
of this techalque. The technlque was also ;\
used Qere. Serrano  (1987) defined a f:
complets set of vroups to define these A
cratecing svents, The anns used to -
]
)
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